Background and objectives: Adipose tissue is an abundant and easily accessible tissue for obtaining multipotent stem cells that harbor similar phenotypes to bone marrow mesenchymal stem cells. This study aimed to demonstrate the effect of adiposederived mesenchymal stem cells (AD-MSCs) on repairing the aspirin-induced gastric ulcer (GU).
INTRODUCTION
Peptic ulcer is a major health hazard and is a leading cause of morbidity and mortality among different socioeconomic classes [1] . Peptic ulcer is characterized by mucosal damage with subsequent direct exposure to pepsin and gastric acid secretion. It usually occurs in the stomach and proximal duodenum [2] .
The incidence of ulcer has been shown to be increasing considerably because of the widespread and long-term use of non-steroidal anti-inflammatory drugs (NSAIDs) [3] .
Gastric ulcers (GU) resulting from aspirin (acetylsalicylic acid) intake require medical and sometimes surgical interventions. Medications include inhibition of gastric acid secretion by H2 receptor antagonists or proton pump inhibitors as well as antibiotics for elimination of H. pylori [4] . However, these medications are not completely effective and produce many adverse effects such as gynecomastia, acute interstitial nephritis, thrombocytopenia, nephrotoxicity and hepatotoxicity [5] . Therefore, an alternative new therapeutic strategy is needed for injured gastric mucosa.
Several reports indicated that bone marrowmesenchymal stem cells (BM-MSCs) contributed to the formation of gastrointestinal tissues and played a key role in the healing of gut injuries. Furthermore, they could stimulate angiogenesis, enhance microcirculation in the gastric mucosa, and accelerate the healing rate of the gastric mucosa in a rat model of GU [6] . MSCs can engraft in injured stomach [7] and in some cases, are thought to acquire epithelial characteristics [8] . This also may explain the several properties of MSCs that include their differentiative, regenerative and migratory capacity, immunomodulation and paracrine activity with the secretion of angiogenic, antiapoptotic and anti-inflammatory factors [9] .
MSCs isolated from adipose tissue has been found to be easily accessible, has more proliferative capacity and more potent than BM-MSCs [10] .
The inflamed or injured tissues increased their stromal production of the glycosaminoglycans hyaluronic acid (HA). It creates a highly hydrated extracellular matrix that enhances local cellular mobilization [11] .
The main cell surface receptor for HA is the proteoglycan CD44 [12] . CD44 performs many functions such as regulation of cell proliferation, differentiation, migration to different tissues including hematopoietic progenitor cells trafficking to the bone marrow and spleen [13, 14] . So, this study aimed to demonstrate the possible therapeutic effect of adipose-derived-MSCs (AD-MSCs) against the aspirin induced gastric ulcer in rats monitored by histological and immunohistochemical methods. Furthermore, the homing of the exogenous administrated MSCs was assessed by means of SRY gene detection and CD44 localization methods in the recipient female rat gastric mucosa.
PATIENTS AND METHODS

Isolation of AD-MSCs from rats
Fat pads around spermatic cords were isolated from three male rats (120-150 gm) under aseptic condition. The specimens were washed extensively with sterile phosphate buffer saline (PBS; Lonza, Swiss) to remove any contamination. The washed tissues were cut into small pieces 0.5 mm 3 and enzymatically digested with 0.1% collagenase type-I (Sigma Aldrich, St. Louis, MO, USA) for 45-60 minutes and incubated at 37°C with intermittent shaking every10 min. The collagenase activity was blocked by 10 ml of fetal bovine serum (FBS). The suspension was filtered by100 um nylon mesh and centrifuged at 1800 rpm for 10 min at 25 °C. Pellets were resuspended in complete medium (Dulbecco's-modified Eagle's medium (DMEM) supplemented with 10% FBS and 1% Penicillin/ Streptomycin) and incubated at 37°C with 5% Co 2 . The medium was changed twice per week, and the cells were sub cultured when 80% confluence was reached. The third passaged cells were utilized in this study [15] .
Flow cytometry analysis
The third passaged AD-MSCs were harvested using trypsin/EDTA digestion and suspended at a concentration of 2×10 5 cells/100 µl of PBS. The cells were incubated with fluorescein isothiocyanate (FITC)-conjugated anti-rat CD 45 and CD 90 monoclonal antibodies (Thermo Fisher Scientific, USA). The cells were washed in PBS, fixed in 1% formaldehyde and analyzed using a FACS Calibur Flowcytometer (BD Biosciences). Data were analyzed by Cell Quest software [16] .
Animals
Forty adult female Wistar rats with an average weight 150 -200 gm were included in this study. They were housed in separate cages in the Medical Research Centre, Faculty of Medicine; Ain shams University. All procedures for animal care and experiments were done according to ethics committee recommendations of Ain Shams University. They were fed ad libitum and allowed free access to water.
Animal grouping
The animals were divided randomly into a control group and three experimental groups. Group1 [Control group], n=10, each rat received a daily oral dose of 1ml 0.9% physiological saline using intra-gastric tube. Three rats were sacrificed with each experimental group. Experimental groups (induction of the gastric ulcer), n=30, each rat received acetyl salicylic acid (aspirin) in a daily oral dose of 100 mg/kg/day dissolved in 1 ml saline for 3 days, using intra-gastric tube. Rats were fasted for 1/2-1hour before drug intake [17] . The thirty rats were divided equally into three groups: Group 2 [Aspirininduced GU], the rats were sacrificed 3 days after oral aspirin consumption. Group 3 [Recovery group], the rats were sacrificed 3 days after aspirin intake i.e. 6 days from the beginning of the experiment. Group 4 [ADMSCs treated group], each rat injected with (1.5×10 6 ) AD-MSCs / 0.5 ml PBS immediately after oral aspirin consumption into the caudal vein then they were sacrificed 3 days after MSCs transplantation.
Histological study
After sacrificing the animals, the stomachs were dissected and cut along the greater curvature. The gastric mucosa was rinsed with saline to remove any contaminates. Specimens from the cardiac and fundic regions of the stomach were fixed in 10% buffered formalin solution for 24-48 hours, dehydrated in ascending grades of ethanol and embedded in paraffin. Serial sections of 5-7 micrometer thickness were cut and mounted on glass slides for histological staining. H&E stain to examine the morphological changes and Periodic Acid Schiff's Reaction (PAS) to study the changes in the mucous secretion.
Immunohistochemical staining of gastric specimens for CD44
For detection and counting of CD44-positive cells in the fundic glands, paraffin-embedded stomach sections were deparaffinized and rehydrated. The slides were incubated in 10 % hydrogen peroxide (H 2 O 2 ) for 10 minutes to deactivate the endogenous peroxidase. Blocking serum was used to block the nonspecific binding sites. Then, slides were incubated with CD44 antibody (Thermo Fisher Scientific, USA). The antibody binding sites in the fundic glands were visualized by the avidin-biotin-peroxidase complex method. The nuclei were counterstained with hematoxylin [18] .
Morphometric study
The following parameters were measured:
1. Optical density of PAS reaction in PAS stained sections.
2. The mean number of CD44-positive cells/ HPF in stomach specimens.
All parameters were measured from five different visual fields selected from five slides in each group at HPF. All the measurements were performed using the image analyzer Leica Q500 MC program in the Histology Department Faculty of Medicine Ain Shams University, where the PC was connected to an Olympus XB microscope-Japan.
PCR detection of Y chromosome (SRY gene)
Polymerase chain reaction (PCR) for the rat Y-chromosome specific SRY gene was performed from the gastric mucosa of female rats three days after AD-MSCs transplantation. The DNA was extracted from the tissue specimens with a QIAamp Tissue Kit (Qiagen, Valencia, Calif) according to the manufacturer's instructions. Amplification of DNA strands was done through thermal cycles consisted of denaturation at 95°C, annealing at 62°C, and elongation at 72°C repeated 50 times. The amplified PCR products were separated on 2% agarose gel electrophoresis, stained by ethidium bromide and visualized under the UV Trans-illumination. The sequences of oligonucleotide primers were 5'-CAT GAA CGC ATT CAT CGT GTG GTC-3'; and 5'-CTG CGG GAA GCA AAC TGC AAT TCT T-3' for SRY gene. Y chromosomes marker detected as trans-illuminated line [19] .
Statistical analysis
Data obtained were tabulated & statistically analyzed using the statistical package of social science (SPSS version 17) to evaluate the difference between the groups. Descriptive statistics were done in the form of mean and standard deviation. Mean of each group was compared to the others using the one-way analysis of variance (oneway ANOVA). The significant difference was defined as p-values < 0.05.
RESULTS
Morphology and identification of the cultured AD-MSCs
The isolated AD-MSCs started to adhere to the plastic substrate of tissue culture flasks sporadically attaining different shapes three days after primary culture. On day five, the cells became more crowded, forming small colonies interconnecting with each other. The cells proliferated rapidly and reached 90% confluency on day seven after primary culture. The cells were passaged nearly twice per week. The cells from passage three were of homologous spindle-shaped phenotype ( Figure  1 ). At least 98% of AD-MSCs at passage 3 were positive for CD90, a marker for thymic lymphocytes (Thy-1). In contrast, less than 1% of the cell populations were negative for CD45 (common leukocyte Ag) (Figure 2 ).
Experimental induction of gastric ulcer
Intragastric administration of 0.9% saline did not produce any considerable damage in the gastric mucosa as detected by histological examination. Seventy-two hours after aspirin administration, there was sloughing of the gastric epithelium as well as ulceration extending till muscularis mucosa. Exfoliated necrotic epithelial cells were found in the gastric lumen. Lumina of the fundic glands were dilated in areas adjacent to the ulcer (Figures 3A & B) . Oxyntic cells at the base of the ulcer were vacuolated. The connective tissue of the corium as well as the submucosa showed dilatation of blood vessels and extravasated inflammatory cellular infiltrate ( Figure 4B ).
Transplantation of AD-MSCs enhanced GU healing
Three days after AD-MSCs administration, the gastric mucosa revealed complete reepithelization of the fundic glands but with slight dilatation in the pits and lumina of some glands. In contrast, the mucosa still showed areas of ulcers and desquamated cells were present in the lumen of stomach in group 3 that left for spontaneous recovery ( Figures 3C&D) . Furthermore, the oxyntic and chief cells regained their histological structure. However, some of oxyntic cells still demonstrated vacuolation in their cytoplasm with mild leucocytic infiltration in the connective tissue corium of the mucosa of group 4. Whereas many parietal cells in the remaining parts of the fundic glands in group 3 appeared vacuolated and pale stained. The extravasated mononuclear cellular infiltrates were heavy in the lamina propria between the fundic glands (Figures 4C&D).
PAS stained sections
Significant reduction in the mean value of optical density of PAS reaction was noticed in group 2 (aspirininduced gastric ulcer) and group 3 (recovery group) as compared to that in the control group (P < 0.05).
In contrast, there was a significant increase in the mean value of optical density of PAS positive area in group 4 (treated with AD-MSCs) as compared to group 3 (P < 0.05) ( Figure 5) 
Immunohistochemical detection of CD44 positive cells in gastric mucosa
Detection of Y-chromosome-specific gene (SRY gene) in gastric tissue of the female rats
As shown in Figure 7 , male rat SRY gene could be detected in the gastric homogenates of the female rates that received AD-MSCs transplantation by PCR products of SRY gene. 
DISCUSSION
Gastric ulcer associated with the excessive ingestion of aspirin is a major problem. Many factors such as gastric acid and pepsin secretion, gastric microcirculation, prostaglandin E2 (PGE2) content, proinflammatory cytokines; interleukin (IL)-1and tumor necrosis factor (TNF) play important roles in the genesis of gastric mucosal damage and subsequent development of ulcer [20, 21] .
Adipose derived mesenchymal stem cells (ADMSCs) contains stem cells that can differentiate into osteogenic, chondrogenic, and adipogenic lineages. Many reports investigated their role in differentiation into myocytes, hepatocytes, neural cells and even epithelial cells of the lung, kidney and skin. These findings indicate that adipose tissue derived cells can be used in regenerative medicine and are considered as an attractive stem cell source for clinical applications [22] .
There is little information, however, about the therapeutic role of AD-MSCs in gastric disorders. Many studies have reported that BM-MSCs have a significant role in healing of gastric injuries [23, 24] . Okamoto et al. reported that the healing capability of BM-MSCs was attributed to their ability to differentiate into gastric tissue elements as vascular endothelial cells, fundic epithelial cells as well as interstitial cells [25] .
Therefore, the current study aimed at demonstrating the therapeutic potential of adipose tissue-derived MSCs transplantation in accelerating healing of aspirin-induced gastric ulcer in albino rat, evidenced by histological and immunohistochemical examination.
In this study, three days after transplantation of ADMSCs (group 4), there was reepithelization in most areas of gastric mucosa with slight dilatation in the pits and lumina of the glands. Thus, the normal glandular architecture as well as normal appearance of oxyntic cells and parietal cells were restored. However, slight leucocytic infiltration in the corium of the mucosa was observed in this group compared with the ulcerinduced group (group 2).
A constant finding in this group was the distension of the surface epithelial cells and mucus neck cells with PAS positive mucus secretion. The mean value of optical density of PAS positive area in group 4 was significantly increase as compared to group 3 (P < 0.05). This finding indicated complete regeneration of functioning surface mucus epithelial cells and mucus neck cells.
Similar findings were reported by Hyashi et al. who found that the damaged epithelia in the gastrointestinal mucosa was regenerated by bone marrow-derived MSCs [26] .
Furthermore, many authors documented that the MSCs have phenotypes of interstitial lineage cells in the gastric wall. Indeed, minor population of MSCs could differentiate to smooth muscle cells and myofibroblasts in gastric wall. Thus, these differentiated cells of interstitial lineage can produce extracellular matrix that help in wound healing [27, 28] .
Moreover, Askarov et al. reported that acceleration of ulcer regeneration by BM-MSCs transplantation was attributed to an increase in the levels of proinflammatory cytokines (IL-10, IL-4, transforming growth factorbeta (TGF-β)) with simultaneous reduction in the expression of apoptosis marker (caspase-9). So, BMMSCs could regulate the apoptosis activity in the gastric mucosa [29] .
In the present study, we evaluated the presence of adipose tissue derived stem cells in stomach tissue by using the chromosome Y (SRY gene) localization strategy. It was detected only in group 4 that received male derived AD-MSCs transplantation, indicating that they migrated to the local site of injury in the gastric mucosa.
Qing et al. reported that results showed that at 48 and 72 hours after BM-MSCs transplantation, the 5,6-carboxyfluorescein diacetate succinimidyl ester (CFDA-SE) labeled cells could be found in the injured gastric mucosa, while they were not detected in the gastric mucosa of rats received PBS only [30] .
Furthermore, we tried to trace the effect of in vitro expanded AD-MSCs on healing of GU by detecting the amount of CD44 positive cells in the basal parts of fundic glands. The total count of CD44 positive brownish cells showed significant increase in stem cells-treated GU as compared to untreated GU, 26.8 ±5.06 vs 4.6 ±2.07 (p<0.05).
It was found that CD44 labels a population of small, undifferentiated cells in the isthmus of gastric glands. It was also expressed in the interglandular mesenchymal cells. However, in mice lacking CD44, the proliferation rate of stem cell niche was decreased dramatically, suggesting the role for CD44 in normal stem cell homeostasis [31] .
The MSC homing could be explained by the influence of different cytokines and growth factors. The inflammatory tissues release many cytokines such as IL-6, platelet-derived growth factor-BB (PDFG-BB) and Insulin-like growth factor 1 (IGF-1). Several studies have shown that these cytokines had an active role in the migration of BM-MSCs [32] . However, CD44-HA interaction may have a more powerful force in guiding MSCs to migrate into the injured tissues [33] . This could be demonstrated by preincubation with an anti-CD44 blocking antibody thus, preventing the in vitro migration of MSCs [34] .
